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Introduction
In a series of recent papers we have reported kinetic studies of nucleophilic vinylic substitution (S N V) reactions that proceed by the attachment-detachment mechanism (eq 1) typical for substrates activated by electron withdrawing groups (X, Y). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] We have focused mainly on reactions where the intermediate (2) accumulates to detectable levels 1,2,5-9,11-13 because this allows the determination of all individual rate constants (k 1
Nu
, k 1 − Nu and k 2 Nu ). Some representative systems studied to date are the reactions of 4-LG, 5-LG,
6-LG and 7-
LG with alkoxide and thiolate ions as well as amines in 50% DMSO-50% water at 20 °C.
A major reason why 2 accumulates to detectable levels in these reactions is that the π-acceptor groups (X, Y) provide the necessary stabilization of the intermediate by delocalizing the negative charge. This implies that the formation of 2 should show some of the characteristic features of reactions that lead to resonance stabilized anions in general. One such feature is the relatively high intrinsic barrier or low intrinsic rate constant, 14 especially for substrates with strong π-acceptors. [15] [16] [17] Another is imbalanced transition states in the sense that charge delocalization into X,Y lags behind bond formation between carbon and the nucleophiles. [15] [16] [17] What complicates the reactivity patterns is that other factors such as the π-donor ability of Nevertheless, there is an accumulating database that confirms the expected correlation between intrinsic barriers and π-acceptor strength for these reactions but there is only a relatively small number of investigations that address the question of transition state imbalance. Information about the latter comes from the study of substituent effects that provide Brønsted-type structurereactivity coefficients such as α nuc n = dlog k 1 
Nu
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Discussion
Hammett and Brønsted correlations. Hammett plots are shown in Fig. 2 
The correlations are good except that in most cases the points for Z = 4-MeO deviate from the least squares line defined by the other substituents, a feature discussed below. The ρ values summarized in Table 3 were obtained by omitting the 4-MeO substituents from the correlations. The large values imply that the negative charge of the intermediate is relatively close to the substituent and not highly delocalized into the two ester groups, in agreement with independent evidence that charge delocalization plays only a secondary role in the strong stabilization of the Meldrum's acid anion. [31] [32] [33] [34] By way of contrast, for morpholine addition to substituted β-nitrostyrenes, eq 14, 29 ρ(K 1
Nu
) is much smaller (≈ 1.09), 35 consistent with the strong delocalization of the negative charge into the nitro group. With 5-SMe-MeO, the π-donor effect of the 4-MeO group is reduced; in fact, the reduction is so strong that the electron donating ability of the 4-MeO group is less than that suggested by its Hammett σ value and hence log k 1
and log K 1 Nu deviate positively, log k 1
−
Nu negatively for the Hammett plots ( Figure 5 ). The most plausible explanation for this reduced π-donor effect is that π-donation by the MeS group (11a ↔ 11b) is more effective and greatly diminishes the Transition state imbalances. One of the major motivations for this study was to learn more about potential transition state imbalances in the nucleophilic attachment steps. Such imbalances where charge delocalization into the π-acceptor group(s) in carbanion forming reactions lags behind bond formation (see, e.g. 12) appears to be the norm [15] [16] [17] and would be expected to occur in the reactions reported in this paper.
They would manifest themselves in α nuc n values that exceed β nuc n ; this is because, due to the closer proximity of the negative charge to the Z-substituent at the transition state than in the adduct, the stabilization of the transition state by electron withdrawing substituents is disproportionately strong and hence the substituent effect on k 1 Nu is exalted. Table 4 summarizes α nuc n and β nuc n values for the reactions reported in the present study along with the same parameters for similar reactions studied previously. In all cases α nuc n exceeds β nuc n , with I = α nuc n -β nuc n ranging from 0.14 to 0.34. There appears to be a complex dependence of the imbalance on the π-acceptor groups, the nature of the nucleophile and on whether or not the substrate has a leaving group. Comparison of entries 4, 6 and 7 suggests that for the same LG the imbalance is relatively large for substrates with strong π-acceptors (NO 2 ) but small when the π-acceptors are weaker (COOR and CN groups). This is the same pattern observed in the deprotonation of carbon acids activated by the same π-acceptors 15, 17 and reflects the fact that the differences between the charge distribution at the transition state and that of the carbanion increases with the increasing strength of the π-acceptor.
Comparison of entries 3 and 5 shows a large increase in the imbalances when the hydrogen is replaced by a MeS group. This increase is the result of a larger α nuc n value. A possible (speculative) explanation is that a destabilization of the substrate by electron withdrawing substituents could enhance α nuc n . Such a destabilization would occur if the electrostatic interaction of Z with the partial positive charge on the sulfur atom (see 11b) is stronger than its interaction with the partial negative charge because the latter is partially delocalized. With respect to the dependence of the imbalance on the nucleophile, too many factors such as charge, central atom and size come into play to allow any meaningful conclusions to be drawn.
Conclusions
(1) The ρ(K 1
Nu
) values are relatively large, consistent with the notion that the negative charge on the respective intermediates or adducts is not particularly strongly delocalized.
(2) The lower ρ(K 1
) value for HOCH 2 CH 2 S -attachment to 5-SMe-Z compared to 5-H-Z may
